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INTRODUCTION
Purpose: We evaluated the tolerability and cardiac safety of docetaxel, cyclophosphamide, and trastuzumab (TCyH) for the treatment of early-stage human epidermal growth factor receptor 2 (HER2)-positive breast cancer and compared to the standard trastuzumab-based chemotherapy regimens doxorubicin with cyclophosphamide followed by paclitaxel and trastuzumab (AC-TH) and docetaxel, carboplatin, and trastuzumab (TCaH). Methods: We retrospectively reviewed early-stage, resectable, HER2-positive breast cancer patients treated with trastuzumab-based chemotherapy at a single comprehensive cancer center between 2004 and 2011. Patient characteristics, comorbidities, relative dose intensity (RDI) of each regimen, tolerability, and cardiac toxicity were evaluated. Results: One hundred seventy-seven patients were included in the study (AC-TH, n= 114; TCaH, n= 39; TCyH, n= 24). TCyH was solely administered in the adjuvant setting, whereas two-thirds of the AC-TH and TCaH groups were administered postoperatively. Patients treated with TCyH tended to have a more significant underlying cardiac history, higher Charlson comorbidity index, and were of an earlier stage. All patients treated with TCyH received granulocyte colony stimulating factor primary prophylaxis. No febrile neutropenia or grade ≥ 3 hematologic toxicity was observed in the TCyH group as compared to the AC-TH and TCaH groups. There were no significant differences in the rates of early termination, hospitalization, dose reduction, or RDI between the regimens. The symptomatic congestive heart failure rate between AC-TH, TCaH, and TCyH groups was not significantly different (4.4% vs. 2.6% vs. 8.3%, respectively, p= 0.57). There was also no significant difference in the rate of early trastuzumab termination between patients treated with each regimen. Conclusion: TCyH is well tolerated and should be investigated as an alternative adjuvant chemotherapy option for patients who are not candidates for standard trastuzumab-containing regimens. Larger clinical trials are necessary to support the wider use of TCyH as an adjuvant regimen. zumab and anthracyclines. In prospective studies, 2% to 4% of patients treated with AC-TH develop clinically significant congestive heart failure (CHF) [9, 10] compared to 0.4% of TCaH treated patients [8, 6] . Therefore, TCaH is an option for HER2-positive patients for whom an anthracycline is contraindicated. However, carboplatin toxicity can be a concern in certain patients. The primary determinant of carboplatin clearance is the glomerular filtration rate (GFR); this parameter is often decreased in elderly patients and may increase the risk of toxicity. Moreover, the widely used GFR calculation formulas, such as the Cockcroft-Gault equation, may not accurately estimate carboplatin clearance [11] . Docetaxel and cyclophosphamide (TCy) has increased in popularity due to its suitability for HER2-negative older women and for patients in whom an anthracycline-based regimen is not preferred. The U.S. Oncology Research Trial 9735 reported that TCy improved disease-free survival (DFS) and overall survival (OS) and was superior to doxorubicin with cyclophosphamide (AC) in a subset analysis of HER2-positive breast cancer treated without trastuzumab [12] . Though not supported by a phase III randomized study or standard guidelines, TCy in combination with trastuzumab (TCyH) has been used in clinical practice [13] , including in our institution, for patients who are not good candidates for more aggressive regimens [14] .
A phase II study of TCyH in 493 early-stage HER2-positive breast cancer patients has shown that this regimen is well tolerated. The study reported that at 2 years, the DFS and OS were 97.8% and 99.2%, respectively [15] . The tolerability of TCyH compared to other chemotherapy regimens, such as AC-TH and TCaH, commonly used in clinical practice has not been well studied. Therefore, we reviewed our experience of the safety and tolerability of the TCyH regimen in our institution, and compared it with other standard trastuzumabcontaining chemotherapy regimens (AC-TH and TCaH) in early-stage, resectable, HER2-positive breast cancer patients.
METHODS

Patients
After obtaining approval from the Roswell Park Cancer Institutional Review Board (IRB), we retrospectively reviewed the medical records of all of the HER2-positive breast cancer patients in the pharmacy database who were treated with adjuvant or neoadjuvant trastuzumab-containing chemotherapy at our institution between January 2004 and December 2011. The following information was abstracted: patient characteristics, comorbidities, Charlson comorbidity index (CCI) [16] , Eastern Cooperative Oncology Group performance status (ECOG PS), stage at diagnosis, estrogen receptor status, progesterone receptor status, HER2 status, neo/adjuvant treatment, chemotherapy regimen, type of surgery (mastectomy vs. lumpectomy), and radiation treatment. The relative dose intensity (RDI) of chemotherapies was calculated from the amount of drug administered per unit of time and is expressed as a percentage of the standard regimen [17] . Patients who received trastuzumab-containing chemotherapy regimens for local recurrence or metastatic cancer were excluded. The study was carried out according to the principles set out in the Declaration of Helsinki 1964, and the relevant IRB had approved the study (IRB approval number: EDR 219112).
Treatments and data collection
All patients were treated at Roswell Park Cancer Institute. Patients in the AC-TH group received doxorubicin (60 mg/ m ) for four cycles. In the TCaH and TCyH groups, trastuzumab was administered with the first cycle of chemotherapy at a dose of 8 mg/kg body weight, followed by 6 mg/kg body weight with the subsequent cycles of chemotherapy. After chemotherapy was completed, all patients received trastuzumab 6 mg/kg body weight every 3 weeks to complete 1 year of trastuzumab treatment [4, 8, 15] . Only patients treated with one of the described regimens were included in this study. All patients treated with AC every 2 weeks (dose dense AC-TH) received 6 mg pegfilgrastim as primary prophylaxis beginning at the first cycle. Patients with high risk of febrile neutropenia treated with standard AC-TH (every 3 weeks) received granulocyte-colony stimulating factor (G-CSF) primary prophylaxis, according to standard recommendations, at the physician' s discretion [18] . Patients treated with TCaH and TCyH also received 6 mg pegfilgrastim primary prophylaxis, as is standard in our institution [14] .
Tolerability
We recorded the following events: the early termination of chemotherapy, delays (of at least 7 days), dose reductions (of at least 20%), and hospitalizations (of at least 24 hours). Febrile neutropenia was defined as a body temperature ≥ 38.2°C and an absolute neutrophil count < 0.5 × 10 9 /L on the same day of or day after the fever [19] . Neutropenia and anemia were defined according to the Common Terminology Criteria for Adverse Events (V.4) [20] . Toxicity was assessed retrospectively from medical records of each patient visit up to 3 to 4 weeks after the last dose of chemotherapy.
Cardiac safety was defined as grade III or IV CHF, cardiac death, a left ventricular ejection fraction (LVEF) decrease of ≥ 10% from baseline, and/or a LVEF decline leading to a delay or discontinuation of trastuzumab [8, 21] .
Statistical analyses
The primary objective was to determine the safety and tolerability of TCyH compared to AC-TH and TCaH, including the incidence of febrile neutropenia, hospitalization, delay in chemotherapy, dose reduction, RDI ( ≥ 85% vs. < 85%), grade 3-4 neutropenia, anemia, and thrombocytopenia [22, 23] . Secondary analyses investigated the cardiac safety of the AC-TH, TCaH, and TCyH regimens.
The data was analyzed using Stata software, version 11.0 (Stata Inc., College Station, USA). All continuous variable data was tested for normal distribution and is reported as the mean ± standard deviation for normally distributed data and the median (25-75 interquartile range) for nonparametric data. Group differences between several samples were calculated using the analysis of variance and Kruskal-Wallis equality of populations rank test for parametric and nonparametric continuous variables, respectively. The differences between groups of categorical variables were compared using the Pearson chi-square or Fisher exact test. Differences were considered to be statistically significance when p< 0.05. Multivariate analysis was not performed due to the small sample size of the study, which could result in overparameterization and uninterpretable outcomes.
RESULTS
Patient characteristics
We identified 189 patients treated with adjuvant or neoadjuvant trastuzumab using our institutional database. We excluded 12 patients (three patients due to incomplete data and nine for a nonstandard chemotherapy regimen); in total, 177 patients were included. All patients were confirmed to have HER2-positive breast cancer by either immunohistochemistry or fluorescence in situ hybridization. Chemotherapy regimens were selected according to physician preference. There were 114 patients who received AC-TH (dose-dense AC-TH 64 patients, every 21 days AC-TH 50 patients), 39 patients who received TCaH, and 24 patients who received TCyH. The patient characteristics are summarized in Table 1 . The patients treated with TCyH reported significantly more cardiac history and higher CCI scores compared to the AC-TH and TCaH group patients (cardiac history, 17% vs. 1% vs. 5%, respectively, p < 0.01; and CCI ≥ 2, 50% vs. 25% vs. 13%, respectively, p< 0.01). All of the patients treated with TCyH received primary G-CSF support [14] . Primary G-CSF prophylaxis was administered to 38 of 39 patients treated with TCaH; one patient refused treatment. No neoadjuvant TCyH was given. There was no significant difference in the race, ECOG PS, hypertension, diabetes, hormone receptor status, or surgery type of the groups.
Chemotherapy tolerability
The median follow-up period was 43.7 months (range, 7.7-97.2 months). The majority of patients were able to complete the TCyH (87%), AC-TH (87%), and TCaH (95%) regimens (Table 2 ). Early termination of chemotherapy occurred in 20 patients, 15 in AC-TH group, two in TCaH group, and three in TCyH group. The reasons for early termination of TCyH were intolerance (two patients) and disease progression during adjuvant chemotherapy (one patient). Two patients in the TCaH group discontinued docetaxel due to a rash; in both patients, nab-paclitaxel was substituted and the chemotherapy was completed. Fifteen patients in the AC-TH group required early termination of chemotherapy for the following toxicities: grade 3-4 neuropathy (five patients), grade 3 fatigue (five patients), patient preference (three patients), neutropenia before the last cycle (two patients), and diverticulitis (one patient).
There was no significant difference in the hospitalization rate or rate of dose reduction between the regimens. Nine of 20 patients were hospitalized due to febrile neutropenia. There were no instances of febrile neutropenia in the TCyH or TCaH groups, likely reflecting the use of pegfilgrastim primary prophylaxis in all of the TCyH patients and 38 of the 39 TCaH patients. Two TCyH patients were hospitalized for 3 days due to pneumonia and chronic obstructive pulmonary disease exacerbation. In the TCaH group, two patients were hospitalized for 6 and 2 days, respectively, for a urinary tract infection and diarrhea. The TCyH group had no delays in chemotherapy administration, although the AC-TH and TCaH groups did (0% vs. 19% vs. 3%, respectively, p< 0.01). There was no significant difference between the three regimens in terms of RDI < 85%. There were no chemotherapy-related deaths observed in the study.
Cardiac safety
The incidence of CHF did not differ between the AC-TH, TCaH, and TCyH groups (4.4% vs. 2.6% vs. 8.3%, respectively, p = 0.57) ( Table 3 ). Early termination of trastuzumab was not significantly different between the regimens, nor was the incidence of asymptomatic LVEF decline ≥ 10%. The median absolute LVEF decline was also similar between the AC-TH, TCaH, and TCyH groups (5% vs. 4% vs. 4%, respectively, p= 0.24). There was one cardiac death observed in a patient treated with AC-TH. This 57-year-old patient had a normal base- (25) 12 (11) 2 (5) 11 (28) 2 (5) 4 (17) 11 (46) 4 (17) < 0.01 0.13 0.33 Charlson comorbidity index 0-1 ≥ 2
86 (75) 28 (25) 34 (87) 5 (13) 12 (50) 12 (50) < 0.01
17 (15) 40 (35) 57 (50) 10 (26) 14 (36) 15 (38) 18 (75) 5 (21) 1 (4) < 0.01
Hormonal receptor † Positive Negative 61 (54) 53 (46) 21 (54) 18 (46) 13 (54) 11 (46) 1.0
Surgery type Lumpectomy Mastectomy
46 (40) 66 (58) 23 (59) 16 (41) 12 (50) 12 ( line LVEF with no prior cardiac history. She received standard AC-TH every 3 weeks. After 2 doses of trastuzumab, she developed CHF and unfortunately expired despite the discontinuation of trastuzumab.
DISCUSSION
This is a retrospective, single U.S. institution study conducted to evaluate the tolerability and safety of the TCyH regimen compared to other standard trastuzumab-containing regimens. Though our study did not indicate any significant differences in the tolerability of each regimen, the patient characteristics were different. The patients treated with TCyH were older, had more comorbidities (including cardiac history), and were diagnosed with an earlier stage disease than patients who received AC-TH or TCaH. This is consistent with the results of a retrospective study of 200 patients treated with adjuvant trastuzumab-containing regimens at U.S. cancer centers [13] . This study also surveyed 65 medical oncologists evaluating adjuvant trastuzumab-containing regimen selection for HER2-positive breast cancer in Wisconsin, United States. For T1bN0M0 tumors, more than half of the physicians who participated in the survey preferred an adjuvant TCaH regimen. Interestingly, comparable numbers of physicians chose observation, AC-TH, and TCyH regimens for this stage, despite there being limited data regarding the TCyH regimen. Another population-based, retrospective study by the Integrated Cancer Research Network Health Systems revealed that women who received anthracycline-based chemotherapy were younger, diagnosed at later stages, and had fewer comorbidities [24] .
In this study, 8% of patients treated with the AC-TH regimen had febrile neutropenia, while febrile neutropenia was not observed in either the TCyH or TCaH groups, likely due to G-CSF primary prophylaxis. It is unclear whether primary prophylaxis with G-CSF support should be considered for the TCyH regimen. A single arm phase II study of the TCyH regimen reported 6.2% febrile neutropenia without the use of primary prophylaxis [15] . This incidence of febrile neutropenia is similar to a phase III randomized study of adjuvant TCy regimen [12, 25] . Other studies have reported a higher rate of febrile neutropenia, between 23% and 46%, in patients treated with the TCy regimen without primary prophylaxis [14, 26, 27] . Due to the conflicting data from adjuvant TCy regimen studies, we recommend considering primary prophylaxis, particularly in the elderly or in patients with comorbidities, based on our institutional experience and other studies reporting a higher incidence of febrile neutropenia [14] .
We did not find any statistically significant differences in the cardiac safety of the AC-TH, TCaH, and TCyH chemotherapy regimens. However, the numerical differences between each regimen likely reflect physician selection. The majority of patients with more comorbidities, especially preexisting cardiac disease, received TCyH chemotherapy in our study. The rate of symptomatic CHF in the TCyH and TCaH groups in this study was 2.6% and 8.3%, respectively. This is higher than the previously reported 0.4% in prospective clinical trials from which patients with an abnormal baseline LVEF or preexisting cardiac disease were excluded [6, 15] . Nevertheless, the 4% symptomatic CHF rate in the AC-TH arm was similar to previous prospective studies [4, 7] , likely reflecting the selection of fit patients with less prior cardiac history for this regimen.
This study is limited due to its retrospective nature and the small sample size drawn from a single institution. Though the TCyH regimen is well tolerated, its efficacy remains unclear compared to other standard trastuzumab-containing regimens. A single arm phase II study of early breast cancer patients treated with adjuvant TCyH reported DFS of 97.8% and OS of 99.2% at 2 years. To the best of our knowledge, no randomized study of the TCyH regimen has been reported. Therefore, adjuvant TCyH should not be considered standard for all HER2-positive breast cancer patients. Standard trastuzumab-containing regimens, such as AC-TH, TCaH, or 5-fluorouracil, epirubicin, and cyclophosphamide followed by docetaxel or paclitaxel plus trastuzumab and pertuzumab are preferred [28, 29] . However, the need to develop better tolerated regimens for women with comorbidities or low risk HER2-positive breast AC-TH = doxorubicin with cyclophosphamide followed by paclitaxel and trastuzumab; TCaH = docetaxel, carboplatin, and trastuzumab; TCyH = docetaxel, cyclophosphamide, and trastuzumab; CHF = congestive heart failure; EF = ejection fraction; LVEF = left ventricular ejection fraction. *Absolute EF decline from baseline.
cancer is recognized [15] . A recent single arm phase II study of low risk early-stage breast cancer patients treated with adjuvant paclitaxel and trastuzumab indicated that the regimen was very well tolerated and reported a 3 year DFS of 98.7% [30] . Currently, the TCyH regimen should only be considered for patients with comorbidities who are not candidates for standard trastuzumab-containing regimens.
In conclusion, TCyH is well tolerated. The rate of cardiac events seen in nonanthracycline chemotherapy combinations with trastuzumab are higher in clinical practice than in clinical trials, likely reflecting the higher burden of comorbidities and cardiac history in nonclinical trial populations. TCyH is an alternative adjuvant chemotherapy option for patients who are not candidates for standard trastuzumab-containing regimens. Larger clinical trials, with longer follow-up periods, are warranted to further investigate TCyH as an adjuvant regimen.
